A b s t r a c t I In nt tr ro od du uc ct ti io on n: : The aim of our study was to compare the effects of isobaric and hyperbaric bupivacaine combined with morphine or fentanyl in patients undergoing caesarean section. We assessed quality and spread of analgesia and anaesthesia, postoperative analgesic requirement and side effects. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : Hundred patients with American Society of Anesthesiologists physical status (ASA) I-II, age 18 to 40 years, were randomized to 4 groups. The intrathecal solutions were isobaric bupivacaine + morphine (group A), isobaric bupivacaine + fentanyl (group B), heavy bupivacaine + + morphine (group C) and heavy bupivacaine + fentanyl (group D). Mean arterial pressure, heart rate, oxygen saturation, ephedrine consumption, analgesic requirement time and additional analgesic needs were recorded. R Re es su ul lt ts s: : The 1 st min value of mean arterial pressure was the lowest one in all groups. Heart rate decreased significantly in group A at the 10 th min but not in the other groups. The decrease of visual analogue scale (VAS) pain scores began in the groups after the 4 th postoperative h (p < 0.05) and the VAS value of group B at the 8 th h was significantly higher than the other groups. The first analgesic requirement time in the postoperative period was longer in patients who had intrathecal morphine than those who had fentanyl. The duration of analgesia with isobaric bupivacaine and morphine was the longest one. C Co on nc cl lu us si io on ns s: : We concluded that intrathecal morphine provides a long duration of postoperative analgesia but the duration gets longer when it is combined with plain bupivacaine instead of heavy bupivacaine. K Ke ey y w wo or rd ds s: : opioid, combined spinal, caesarean, analgesia, bupivacaine.
Introduction
Combined spinal epidural anaesthesia (CSEA) is nowadays a popular technique in obstetric and gynaecological surgery, including caesarean delivery [1] . Combined spinal epidural anaesthesia involves intentional subarachnoid blockade and epidural catheter placement during the same procedure. Advantages include rapid onset, profound neuraxial block, the ability to titrate or prolong blockade, lower total drug dosages, higher level of patient satisfaction and decreased incidence of accidental dural puncture [2, 3] . Sensorial blockade level is important for successful anaesthesia. The factors that effect the sensorial blockade are baricity, dose, volume and concentration of local anaesthetics, barbotage and demographic properties of patients such as weight, height or age. Baricity is the most important factor for local anaesthetic distribution. According to baricity conception, isobaric solutions remain in the proximity of the injection site and hyperbaric solutions gravitate to dependent areas [4] . The duration of spinal anaesthesia is related to the dose of hyperbaric or isobaric local anaesthetics administered. The relationship between dose, volume, and concentration of intrathecal local anaesthetics and the sensory spread of anaesthesia has been extensively studied using isobaric local anaesthetics [5] .
Bupivacaine is an amide local anaesthetic with a moderately rapid onset and long duration of action. Isobaric bupivacaine is formulated using normal saline as a diluent with a specific gravity of 1000 at 37°C. Hyperbaric bupivacaine in 8% glucose has a specific gravity of 1021 at 37°C. Both isobaric and hyperbaric bupivacaine have been used for spinal anaesthesia with good results [6] . Hyperbaric bupivacaine attains higher sensory levels of intrathecal anaesthesia than equal doses of plain bupivacaine. Plain bupivacaine is unpredictable in its behaviour, often spreading to cervical dermatomal levels [7] . The addition of opioids to local anaesthetics for spinal anaesthesia is increasingly common both to enhance anaesthesia and to provide postoperative analgesia [8] . The dose of local anaesthetics can be reduced by adding opioids. On the other hand, the incidence of side effects decreases because of lower doses. Small doses of opioids administered to the central nervous system provide adequate analgesia, reducing the side effects of intravenous analgesic administration. Pruritus, nausea and vomiting or respiratory depression are some examples [9] . This adjuvant analgesic technique is expected to decrease postoperative pain intensity and opioid requirements and to speed up recovery. Intrathecal morphine, which is less hydrophobic than other opioids, has a longer residence time in the cerebrospinal fluid and provides excellent postoperative analgesia [10] . Decades of clinical use demonstrate clear differences between morphine and mu-opioid receptor agonist fentanyl in time course and dermatomal extent of analgesia [11] . According to experimental studies [12] , intrathecally administered fentanyl is cleared from cerebrospinal fluid within a relatively short distance, whereas morphine extends to a much greater dermatomal distribution.
The aim of our study was to compare the effects of the baricity of bupivacaine combined with morphine or fentanyl for spinal anaesthesia in patients undergoing caesarean section. We assessed the quality and spread of analgesia and anaesthesia, postoperative first analgesic requirement time and side effects.
Material and methods
After approval by our local research and the regional ethics committee and informed patient written consent, 100 unpremedicated patients with ASA physical status I-II, aged 18 to 40 years, were included in this randomized, double-blind, prospective study. The patients were scheduled for elective caesarean section under spinal anaesthesia and they also had epidural analgesia after the operation for postoperative analgesia with a CSEA technique. Extremely obese parturients (body mass index -BMI > 40 kg/m 2 ), and patients who refused to join the study, had contraindications for neuraxial block, had cardiovascular or respiratory disorders or had an unsuccessful spinal block were excluded from the study. The anaesthetists who performed the CSEA collected the data and the patients were blinded to the solutions.
Before the spinal block, a peripheral venous cannula was placed and i.v. infusion of 6% hydroxyethyl starch 130/0.4 in 0.9% sodium chloride solution 10 ml/kg was started for fluid loading. No vasopressors were administered before the procedure.
In all patients, using an aseptic technique in the sitting position, 2 ml of 1% lidocaine was infiltrated into the subcutaneous area of the lumbar 4-5 interspace. The epidural space was identified by the loss of resistance technique with 0.9% saline solution using an 18-gauge Tuohy needle. A spinal tap was performed using a 27-gauge Quincke spinal needle which was introduced inside the Tuohy needle. After injection of study drugs, a 20G soft tip epidural catheter with 3 lateral eyes (Perifix ® , B Braun Melsungen Ag, D-Melsungen) was introduced 6 cm into the epidural space for postoperative analgesia in all patients.
Patients were randomized to 4 groups according to the intrathecal drugs injected by using computergenerated randomization table as: • group A: intrathecal 0.5% isobaric bupivacaine 9 mg + morphine sulfate 200 µg, • group B: intrathecal 0.5% isobaric bupivacaine 9 mg + fentanyl 25 µg, • group C: intrathecal 0.5% heavy bupivacaine 12.5 mg + morphine sulfate 200 µg, • group D: intrathecal 0.5% heavy bupivacaine 12.5 mg + fentanyl 25 µg. Sensory blockade was assessed using the cold sensation test on each side of the midclavicular line. The degree of motor blockade was scored from 0 to 3 by the Bromage scale (0 -no motor effects, 1 -a decrease in muscle strength with ability to move the leg against pressure, 2 -inability to move the leg against pressure without complete paralysis, and 3 -unable to move feet or knees) at 1 h, 2 h, 4 h, 8 h, 12 h and 24 h.
Non-invasive mean arterial blood pressure was recorded with 1 min intervals. Heart rate, arterial oxygen saturation by pulse oximetry and respiratory rate were continuously measured. Finally, total ephedrine consumption, the duration of operation, first analgesic requirement time and additional analgesic needs were recorded. Pain scores were assessed by VAS. A score of 0 meant 'no pain' and 100 meant 'the worst possible pain'. The patients who had a postoperative VAS score above 30 were administered a bolus dose of epidural solution in a volume of 9 cc via an epidural catheter. The epidural bolus solution contained 3.6 cc of 0.5% isobaric bupivacaine, 3 mg of morphine sulfate and 2.4 cc of saline. Thereby the concentration of bupivacaine was 0.2%. All patients received at least one time analgesic in the first postoperative 24 h. Then the number of patients who required the epidural analgesic a second time was recorded as additional analgesic need. The additional analgesic need was provided by epidural bolus solution. The epidural catheter was removed at the end of the 24 th h. In all patients 75 mg of diclophenac sodium intramuscularly was administered every 12 h.
Maternal hypotension was defined as systolic arterial pressure < 90 mmHg or when decreased more than 25% from the baseline value and was treated by increasing the intravenous infusion rate and, if necessary, administering ephedrine 10 mg i.v. Patients who required fluids and vasopressors were considered to have hypotension. 0.01 mg/kg of i.v. atropine was administered for a heart rate below 45 beats/min.
Sedation and nausea and vomiting were also recorded postoperatively. The level of sedation was assessed with the Ramsey scale (1 -anxious, agitated, restless, 2 -cooperative, oriented, tranquil, 3 -responds to comments only, 4 -brisk response to light glabellar tap or loud noise, 5 -sluggish response to light glabellar tap or loud noise, 6 -no response). Postoperative nausea and vomiting was assessed with a two-point scale (0 -no episode, 1 -at least one episode).
S St ta at ti is st ti ic ca al l a an na al ly ys si is s Statistical Package for Social Sciences (SPSS) for Windows 10.0 programme was used for statistical analysis. The main outcome of our study was a 25% increase in the first analgesic requirement time. Group size was selected by using proportions sample size estimates (α: 0.05, β: 0.09). The values were expressed as mean ± SD.
One
Results
There were no differences between groups regarding their age, weight, height or duration of surgery (p > 0.05) ( Table I) . One patient in group B was excluded because of an accidental dural puncture by the Tuohy needle and 1 patient in group D was excluded because of unsuccessful spinal blockade. Another 2 patients were included and a total of 100 patients were analysed.
The mean arterial pressure decreased significantly at the 1 st min in all groups but no statistically significant difference was seen between groups, as shown in Figure 1 (p > 0.05). Heart rate decreased significantly in group A at the 10 th min but not in the other groups (p < 0.05) (Figure 2 ). There was no statistically significant difference between groups according to the incidence of nausea and vomiting or ephedrine requirement (Tables II and III) .
The main spread of analgesia and anaesthesia was similar between groups (p > 0.05). Patients' assessment of sensory levels after spinal anaesthesia changed within the range of T4 to T12. Bromage scales at the initial period were 3 for all patients; the quality of spinal analgesia was sufficient and no patient required analgesic supplementation during the surgery. None of the patients required additional medication throughout the operation or during data collection. There were (Table IV) .
The patients who received heavy bupivacaine and morphine sulfate required more epidural analgesics in the postoperative period. However, this result did not constitute any statistically significant difference (Table V) . The number of demands are seen in Table V . None of the patients required epidural analgesic solution more than 2 times. The duration of analgesia by isobaric bupivacaine with morphine was the longest time ( Figure 3 ).
Discussion
Combined spinal epidural anaesthesia has been widely used by obstetric anaesthetists since the 1980s. More than 60% of consultant obstetric anaesthetists in England used the CSEA technique during labour or caesarean section [13] . Combined spinal epidural anaesthesia allows for use of smaller doses of local spinal anaesthetics because the block can be supplemented at any time [14] . Compared to spinal block, the duration of the anaesthesia can be extended by using the CSEA technique. Combined spinal epidural anaesthesia also allows a reduction in the duration of the anaesthesia by the subarachnoid administration of the minimal dose of the local anaesthetic to establish the initial level for the surgery [15] .
The duration of spinal anaesthesia depends on the characteristics of the local anaesthetics. Bupivacaine is a potent local anaesthetic with hydrophobic nature [16] . Both bupivacaine and morphine are characterised by a long duration of action. Dosage, volume and concentration of Comparison of opioids in addition to bupivacaine for caesarean section anaesthetic are the major determinants of intrathecally administered solutions [17] . Also the analgesic effect of the additional opioids provides a long postoperative period without pain. As shown in several previous studies, the patients with morphine had a long duration of analgesia [9] . It was not a surprise for us that we had better results with morphine than fentanyl. However, there is always a potential risk of respiratory depression after neuraxial opioids. The incidence of respiratory depression after morphine administration ranges from 0% to 0.9%. Late occurrence might be seen until the postoperative 18 th h and can cause permanent brain damage [18] . Our postoperative repeated visits for sedation and respiratory rate monitoring were a precaution for early detection of respiratory depression and provide increased patient satisfaction. None of the patients had a respiratory rate less than 12.
Ogun et al. [19] found that intrathecal isobaric ropivacaine 0.5% 15 mg with morphine 150 µg provided sufficient anaesthesia for caesarean delivery. The parturients were compared with the bupivacaine group. Time to first complaint of pain was similar in all groups.
In the study of Vercauteren et al. [20] , they considered that the incidence of hypotension and ephedrine requirement with isobaric bupivacaine were more common than with heavy bupivacaine. The frequency of ephedrine requirement was similar in all groups in our study. However, the heart rate of patients in group A decreased significantly at the 10 th min although the values remained within physiological limits. We thought that this result was coincidental and had no clinical significance because there was no statistically significant difference between groups in sensory levels and spread of anaesthesia and analgesia.
The duration of anaesthesia was shorter with hyperbaric bupivacaine compared with isobaric solution in a study by Malinovsly et al. [21] . We could not find any significant difference in the duration of spinal anaesthesia between groups.
The limitation of our study is that we administered only spinal block for the operation and we used the epidural route only for postoperative analgesia, so the amounts of local anaesthetics and opioids we used were higher than the conventional ones used for the CSEA technique. On the other hand, we primarily aimed to compare the effect of different baricities of bupivacaine with two different opioids and we demonstrated that the postoperative first analgesic requirement time was longer with isobaric bupivacaine than with heavy bupivacaine combined with morphine.
In conclusion, that intrathecal 15 mg isobaric bupivacaine with 200 µg morphine provides longer duration of analgesia, similar haemodynamic effects, ephedrine requirement and side effects when compared to heavy bupivacaine-morphine or bupivacaine-fentanyl combinations during caesarean section. Further studies can be planned with lower doses of morphine with different concentrations of bupivacaine when used with the CSEA technique. 
